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The Determination of Anions in the 
Electrolytic Way 



INTRODUCTION 

The electrolytic determination of metals was beg;un in 
1865. The procedure has in the intervening years been ap- 
plied to nearly all metals with the greatest success in most 
cases, particularly since there has been added the rotating 
anode (Exner, 1903) whereby the time factor has been re- 
duced to such a degree that electrolytic methods are now 
vastly superior in every way to the ordinary gravimetric pro- 
cedures. The negative groups in salts — the anions — have 
in the period of metal determination received scant attention 
from the electro -analyst. The few observations of Vortmann' 
and Specketei^ have attracted little attention, and only since 
Smith* by the use of a mercury cathode and a silver anode 
made successful estimation simultaneously of both componenti 
in sodium chloride, barium chloride, strontium bromide, etc., 
has the idea of estimating anions electrolytic ally become a 
subject of serious thought. The experiments of Withrow 
(thesis 1905) were directed to this end. They, however, 
showed that ultimate and most complete success would prob- 
ably come only by the use of the combined anode and mer- 
cury cathode. The present investigation was begun with 
this thought constantly in mind. The results when studied 
will clearly prove that it is now possible to determine not 
only halogens, but even anions such as COg, CNS, Fe(CN), 

■Monat. f. Chem., 15, »8o; 16, 674. Elec. Chem. Zeit. (1894), I 
137. Akad. d. Wissenschatt. Wein., II, 7, 95. 
"Zeit. Elec. Chem. 4, 539. 
'Jr. Ain. Ch Soc 25,4 
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and others. Salts that are analyzed with difficulty by time 
honored methods are now electrolyzed most easily and with 
exceeding accuracy in exceedingly short periods of time. That 
separations of anions will also be made in the same manner 
appears certain of realization, although this present research 
has been restricted to their determination alone, and to the 
perfection of the apparatus necessary for that purpose. 

Results with Stationary Anode. 

Apparatus. The mercury cathode cell as described by 
Myers' was used to contain the solution to be electrolyzed. 
As anodes there were three platinum gauzes s by lo cm. at- 
tached to stiff platinum wires and rolled into cylinders with 
the shorter dimension as axis and of such diameter as to be 
suspended readily in the cell. These gauzes were plated with 
silver from a double cyanide electrolyte the 'coating being 
made as heavy as possible. After washing with water, alcohol 
and ether, the deposits were carefully brushed with a soft 
camel's hair brush to remove all loosely adherent silver and 
then weighed, being suspended by a hook bent into the top 
of the wire support. 

Method of Procedure. — The chief difficulty, as with pre- 
vious workers, was that of determining the end of the decom- 
position. In spite of the greatest care in keeping the mer- 
cury and the interior of the cell absolutely clean in order to 
minimize the secondary decomposition of the amalgam, the 
formation of some caustic could never be entirely prevented, 
and after the salt was all decomposed the weight of the gauze 
could be further increased indefinitely by the formation of 
silver oxide from the electrolysis of the caustic. Various 
schemes were tried to determine the end of the decomposi- 
tion, the one finally serving the purpose being as follows: 

At the beginning of the operation the gauze was suspen- 
ded within about $ mm- of t^ surface of the mercury and 
the liquid diluted so as to cover only about one-third of the 
gauze. During the electrolysis the potential was kept con- 

'JT. Am. Ch. Soc. i6; iia4. 
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stant, then the strength of the current falling as the action 
progressed indicated the completeness of the decomposition. 
The current was only prevented from falling to zero by the 
slight amount of caustic formed. When it had reached a 
minimum, — usually from 0.005 to °-°^ amperes, — the level 
of the liquid was raised a few millimeters from time to time, and 
as soon as the fresh surface showed the formation of brown silver 
oxide— which could easily be distinguished from the bluish 
black chloride — the gauze was removed, immersed in alcohol, 
then in ether, dried and weighed. By this method it was 
possible to obtain consecutive concordant results. In each 
case the amalgam was washed into a beaker and after it had 
decomposed the alkali was titrated with tenth normal sulphuric 
acid with methyl orange indicator. 



Sodium Chloride. 

The following table gives the results obtained for sodium 
chloride. The current in amperes at the beginning and end 
of each decomposition is given in the third column. 
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The deposits were always perfectly adherent in character 
unless the silver coating was too thin. No attempt was made 
to protect it from the light, so that the deposits both here 
and with other substances were always very dark colored; 
in fact, with several other salts if the silver salt was formed 
so rapidly as to show its true color at places, it was often not 
very adherent. 



Digitized by Google 



Sodium Bromide. 

The same procedure as with the chloride was immediately 
successful in this case. 
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Equally satisfactory results 1 



i obtained with this salt. 
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Potassium Sulphocyanide. 

This salt proved more troublesome as the potassium 
amalgam usually started to decompose rapidly near the end 
of the electrolysis. 
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It was soon after found that there could be formed silver 
ferro- and ferri -cyanides and, what seemed still more remarkable, 
silver carbonate. In the last instance the decomposition was 
complete, there being no traces of carbon dioxide liberated at 
the anode. The deposit afterwards immersed in dilute sul- 
phuric acid liberated carbon dioxide with effervescence. How- 
ever it was impossible to make these depositions quantitative 
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as the silver salts formed were not very coherent and at the 
edge of the gauze near the mercury, where the deposit was 
thick, part of it always became detached. It was then thought 
that perhaps this difficulty could be overcome by using an 
anode in which the gauze was horizontal thus presenting 
a uniform surface over which the deposit might be distributed, 
and at the same time decreasing the resistance so that the 
decomposition might be more rapid. 

Anode.— The anode devised consisted of two circular 
disks of platinum gauze 5 cm. in diameter and having 300 
meshes per sq. cm. The circumference was slightly fused in 
the blowpipe. These were mounted $ mm, apart on a stout 
platinum wire i mm. in diairieter and 10 cm, long which passed 
through the centers of the disks perpendicular to them. Each 
disk was attached to this axial wire by means of two smaller 
wires fitting tightly into two adjacent holes drilled at right- 
angles to each other through the large wire. Two such anodes 
were made by the Bishop Platinum Co.. Malvern, Pa. weigh- 
ing about 16 grams apiece. They would have been improved 
slightly if the axial wire had not protruded below the lower 
gauze. The total surface of each pair of disks is about 100 
sq. cm. which is at least doubled when coated with several 
grams of silver. Since it requires only about 30 cc. of liquid 
to cover the disks as against 150 cc. for a platinum disk of 
equal surface it will be interesting to determine how it will 
compare with the usual platinuna dish as a cathode for rapid 
deposition of metals, as well as an anode for lead and man- 
ganese peroxides. This will shortly be done in this laboratory. 
This electrode has the further advantages over the dish in 
the ease with which it may be washed and in its light weight. 
These anodes were always supported when not in use by fasten- 
ing the axis in a clamp so that the gauze might not come in con- 
tact with anything which might bend it. In order to sus- 
pend them from the balance beam in weighing, a loop of fine 
platinum wire was soldered to each aiual wire about a cm. 
from the top. 

Silver plating the anodes. — In plating the anodes with 
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silver the rotator was always used, as a coating of 3 to 4 grams 
of silver could thus be deposited. A number of determina- 
tions could then be made without replating the gauze, the de- 
posited silver being merely dissolved off by immersing for 
a few moments in potassium cyanide, thus exposing a fresh 
surface of silver. The plating was done in a beaker, the anode 
being a platinum wire passing through a glass tube to the 
bottom of the beaker where it was bent into a flat horizontal 
spiral. A strong stock solution of silver potassium cyanide 
was kept in a bottle and portions added to the beaker from 
time to time as the silver ih the electrolyte was deposited. 
No particular care is necessary in this plating as the conditions 
may be varied rather widely without injuring the deposit; 
about s volts and 1 to a amperes were the ordinary conditions. 
When the coating was sufficiently heavy the gauze was re- 
moved, washed by immersing in distilled water, followed 
by alcohol and ether. In the later work the alcohol and ether 
washing was omitted and the gauze dried by suspending for 
a short time over a steam radiator. 

To avoid the necessity of centering the anode each time 
it was placed in the rotator, a small piece of copper foil was 
rolled into a cylinder about the axis of the anode and then 
put permanently into the tip of the rotator. The anode was 
thus always centered when put in position. 

The cell. — ^This anode was first tried with sodium chloride, 
the cell being a beaker of diameter slightly greater than that 
of the anode. Since it is difficult to fuse a platinum wire into 
a vessel of this size, connection was made with the mercury , 
by means of a platinum wire fused through the closed end 
of a glass tube. Into this tube was put a little solder which 
was heated and then while molten, a stout copper wire was 
thrust into it. This tube was clamped so that it lay close to 
the side of the beaker, the platinum wire at the tip project- 
ing into the mercury. 

With this arrangement it was found that while the elec- 
trolysis was more rapid, the greater surface of mercury ex- 
posed to the liquid favored the decomposition of the amal- 
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gam to an extent inconsistent with good results. A method 
was therefore sought to dispose of the amalgam and prevent 
the presence of alkali about the anode. After much exper- 
imenting a cell was devised which answers the purpose ad- 
mirably. In principle it resetables the Castner-Kellner pro- 
cess for caustic soda, the amalgam being formed in one com- 
partment and decomposed in another. The. outer cell is a 
crystallizing dish ii cm. in diameter and 5 cm. deep. Inside 
of this is a beaker 6 cm. in diam,eter with the bottom cut off 
and the edge rounded so that a ring is formed 4.5 cm. high. 
This rests on a' large Y of thin glass rod on the bottom of the 
crystallizing dish and is kept in position by three rubber stop- 
pers fitting radially between it and the inside of the dish. In 
the outer compartment thus formed there is a ring of about 
six turns of nickel wire provided with three legs which are 
fastened to the ends of the glass Y and serve to support the 
ring about t cm, above the surface of the mercury when suf- 
ficient of the latter is poured in to seal off the two compart- 
ments. The cell and anode are shown in Fig. i. 

In using this cell, which must be kept scrupulously clean, 
pure clean mercury is poured in so that its level is about 3 
mm. above the lower edge of the bottomless beaker. The 
solution to be electrolyzed is then put into the inner compart- 
ment ; into the outer is placed enough distilled water to cover 
the nickel wire, and to this is added a few cc. of a saturated 
solution of common salt. By this arrangement the amalgam 
formed in the inner compartment is immediately decomposed 
in the outer, which acts as a cell whose elements are amalgam- 
sodium chloride -nickel wire. The sodium, chloride serves mere- 
ly to inake the liquid conducting so that the action may pro- 
ceed more rapidly at the beginning. Without this scheme 
the amalgam is not entirely decomposed in the outer com- 
partment as pure water does not attack it rapidly enough to 
prevent a partial decomposition in the inside cell. The mer- 
cury is connected with the negative pole of the battery by 
means of the glass tube bearing the copper and platinum wires 
described above, which dips into the outer compartment. After 
the electrolysis is complete the entire contents of the cell are 
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poured into a leaker, the cell rinsed and the alkali titiateil. 
After titration the nr.ercur}' is washed, the water decanted, 



and the metal poured into a large sej-aratory funnel from 
which it can be drawn off clean and dry. 



( 
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Sodium Chloride. 

This apparatus was first tried on sodium chloride, tl e 
anode being stationary, with the following reiults. 

Time. Sodium In gram5. Ch'orine in Braiis. 



,7fr-.o 



.0461 



.0708 
.0708 
.0708 
.0708 
.0708 



These results are given merely for completeness as sodium 
chloride was not tried again although the use of the rotator, 
as in the following work, would certainly give better results, 
for on account of the lack of any stirring of the amalgam there 
was still a very slight decomposition on the inside. 



Results with Rotating Anode. 

When it was found that the bromide did not adhere com- 
pletely to the anode when stationary the rotator was tried 
and gave the double advantage of making the deposit per- 
fectly adherent and stirring the amalgam so that it was com- 
pletely decomposed in the outer compartment. When the 
electrolysis was complete therefore nothing but pure water 
remained so that the current falling to .01 ampere or less in- 
dicated the end, and no harm could be done by running too 
long as no further increase in weight was possible. 

In using the rotator the weighed gauze is clamped in the 
shaft which is then lowered into the cell till the lower gauze 
is about 5 mm from the surface of the mercury. The motor 
and belt are adjusted, the motor started and the electrolyzing 
current turned on. About 300 revolutions per minute is 
■the best speed for the motor. Fig. 2 shows the entire appar- 
atus. 

The variation in current as the electrolysis proceeds is 
shown by the curve in Fig. 3 and the rate of decomposition 
calculated from it in Fig 4, _ ' 

It is not necessary to wash the anode after the salt is 
deposited as the water remaining is pure. This avoids any 
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possibility of loss by the usual washing in water, alcohol an^j 
ether, although the latter two may be used where it is desire 



still further to reduce the time. The writer is accustomed 
to suspend the gauze over a steam radiator whereby it is dry 
in about fifteen minutes. 
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13 

Sodium Bromide. 

This salt gave the following results with the rotator. 

Sodium in grains. Bromine in grsm. 



Volts 



S-c 






.65-. 
.65- 



In this case a dilution of about 25 cc. was used, it being 
necessary to cover only the lower gauze, as this gave sufficient 
surface for the quantity of sodium bromide used. 



Sodium Carbonate. 

Sodium carbonate required a little more care, it being 
found advantageous to deposit the carbonic acid a little slower, 
and also to use a slightly roughened silver surface obtained by 
stopping the rotator several minutes before taking the gauze 
■ from the silver plating bath. Furthermore, towards the end 
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